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1. Review 


1.1. Introduction 


Fifteen years ago KucHLEIN (1965). in one of the shortest papers ever published on soil 
biology. appealed for more fundamental work on the population dynamics of soil organ- 
isms. advocating the mites as being particularly suitable experimental material. Everyone 
has a bias. but as the mites are taxonomically difficult it may be appropriate to place them 
second to the Collembola. | 

UsHER ef al. (1979) reviewed studies on the population dynamics of soil arthropods, 
and of the 78 references cited only 13 (17 percent) were published before KuchtEix's plea. 
Clearly. therefore. population dynamics has been a fashionable study in the 1970s. The 
aim of this paper is not to re-review the population dynamic studies. but rather to bring 
the review of Usner ef al. (1979) up-to-date (chiefly based on English language papers), and 
to highlight some of the developments in the last two or three vears. 


1.2. Spatial, vertical and temporal distributions 


Mandy studies have shown that soil arthropods are non-randomly distributed in the 
soil. A review of the factors causing this non-randomness (User 1976) indicated that the 
patchy distribution of either food or soil water was the most likely cause of these aggrega- 
tions. Many more studies, for example Takeva (1979b), continue to demonstrate the fre- 
quency of non-random distributions. Some authors. however. are not content just to describe: 
Armias-Henrior (1974) has come close to advocating the use of serial autocorrelation. and 
VERHOEF (1978), in a series of papers, analyses the importance of water relations in the 
distribution of Collembola. An important question that remains unanswered is the relation. 
between organic matter input and soil fauna populations: studies. such as that of BIRK 
(1979) on the spatial and temporal distribution of Eucalyptus litter, could provide a key 
to answering this question. 
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ertical distributional studies seem to be less popular than studies of horizontal distri- 
. Lions (1978) has investigated the Oribatid community in beech and oak/beech 
sts, but the system of sampling (dividing a core into only two horizontal layers, 0 to 
Fand 5 to 10 em) means that the data are really only qualitative. Lions does not at- 
ipt to sy nthesise community niche separation from the data. Both vertical and horizon- 
1 of a eee of Oribatid mites has Baen quenced by Ming HELL (1978). 


pe data are now available for termites 1 1975: el & Parr 1977). 1 
Jüsra 1971). and Oribatid mites (Rasskt 1961). and for the communities of clear-cut 
est (HUHTA 1976). diazinon contaminated soil (Martone 1969) and artificial soil com- 
d of sewage sludge and crushed bark (Hvara ef ul. 1979). Some attention has been 


e succession (UsHER 1979). Papers presented to a symposium on grassland fauna in 1977 
rR 1978: Hutson & Lure 1978: and WHELAN 1978) were concerned with describing suc- 
ssion in a chalk quarry. on colliery spoil. and on cut-away peat surfaces respectively. 
[ER et a (1979). howev er, advocated toe ussing attention on the n of suc- 


The colonization of new substrates is clearly akin to succession. being essentially the 
stage of a successional process. Suurn (1974) concentrated on the voleanic tephra of 
Je ception Island, where he found 13 species of protozoa. Unfortunately his sampling sites 
é so isolated that regular sampling could not be undertaken in order to record the sub- 
quent successional changes. Bexarson ef al. (1979) introduced earthworms (Lumbricus 
bellus and Allolobophora caliqinosa) to hayfields in NE Iceland. and demonstrated that 
he latter species has a higher colonization success than the former. Unfortunately neither 
f these studies. of protozoa or of earthworms. was community based and hence the effects 
Eintroduction on. or the parallel development in. other components of the community of 
he soil fauna are unknown. 

The pre-oceupation with “diversity” that has characterised some areas of ecology has 
ardly affected soil zoology: perhaps the wealth of taxonomic difficulties has precluded this. 
fowever, the diversity of soil mite communities has been reviewed by LEBRUN (1979), but 


y 
his review treats ay ersity in a very broad s sense since it woke at agric ae practic’ mites 


79), of substantiating the claim that the soil ecosystem is the “Poor Man’s Tropical Rain 
39 


Forest“. 


1.3. The niche concept 


One of the more stimulating series of conference papers can be found in Ecological Bul- 
etins 25, pages 15—144 (Lon & Persson 1977). A number of authors analysed the eco- 
ogical requirements of several species in a community. and demonstrated some kind of 
eparation in their niches. This conference seems to have been the outlet for such work. 


OMmunity, if not strictly a soil arthropod community), and demonstrated some differences 
between the sie a and the predatory species. en & BaRKHAu (1979) sepa- 


ctor which they called “a single niche dimension”, Separation of the T'ullbergia ( Mesa- 
horura) species ‘of Collembola along moisture (and. because of a correlation. humus-type) 
Tadients, has been described by Rusek (1979). 

4 hese studies clearly hold a key to our understanding of the organisation of communi- 
es, though as yet there have been insufficient studies for any general principles to emerge. 
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An important criticism is that studies usually only include a single group of organisms | 
slugs, woodlice. Tullbergia species, ete. — whereas studies of the soil community should 
be looking at a wider range of soil animals. A broad view of tundra communities has been, 
taken by WHITTAKER (1974). 

Two other areas of study related to species niches should be mentioned. The first of thes 
relates to the rhizosphere. Soil microbiologists have Jong been aware of the extremely great 
biological activity in the rhizosphere. but soil zoologists seem to have overlooked the fact] 
that many animals may use this narrow zone surrounding a root for feeding. An attempt 
to analyse the effect of the rhizosphere of cotton plants on populations of soil Collembola! 
(WIGGINS et al. 1979) provides some results that indicate that Collembolan populations are 
related to the rhizosphere activity. However, this result is due to a correlation in root bio- 
mass and population density, and more controlled studies still need to be undertaken, 
Some recent work by Warnock (1980) investigated the interactions between one species of 
Collembola, Folsomia candida, one species of higher plant, the leek. Allium porrum. and the 
development of VA mycorrhizal infection by Glomus fasciculatus. The results. WARNOCK 
et al. (in press) clearly demonstrate the need to consider a whole system rather than just 
the plant-fungus association. 

The second point relates to a knowledge of the individual species in the soil community, 
Good biological data. and life tables. are still lacking for virtually all species. Work such as 
that of WIE & Laine (1977) on Zetzellia mali. an acarine predator of phytophagous mites 
in Ontario apple orchards. would be useful for many of the soil predatory mites. but this 
work is still lacking. Some data do. however. continue to appear in the literature. For ex- 
ample. TAKEDA (1976. 1979%a) is providing interesting data on the population biology of 
Japanese pine forest Collembola, Grécorre-Wino (1976. 1978, 1980) on the development 
and phenology of Folsomia quadrioculata. and Hvrson (1978) provides some useful in- 
formation on the fecundity and mortality of four species of Collembola. though how these 
are related to population density is unknown. 


1.4. Two species interactions 


The literature remains full of observational studies on what soil arthropods eat. A typi- 
cal paper is that of MURALEEDHARAN & PRasuoo (1978) in which the gut contents of 
three species of Collembola are analysed. The usual result of a bit of everything. fungal and 
amorphous material. was predictable. However. experimental studies are showing that 
Collembola are far more selective (PARKINSON ef al. 1979: Visser & WHITTAKER 1977), 
and that food quality has a very great effect on the population dynamics of the organism 
(Boorn & AnpERSON 1979). There is a two-way interaction between grazing arthropods and 
the microbial community. as demonstrated by HaxLox & ANDERSON (1979). which affects 
the overall soil metabolic rate (ADDISON & Parkinson 1978). 

One of the best studied species of soil arthropod is Cryptopygus antarticus. a small dark 
Collembola of wide geographical distribution in the Southern Hemisphere. Considerable 
effort (ef. Broapy 1979) on this species has shown that although the gut shows the usual 
variety of contents, there is some degree of selection. On Signy Island, in the maritime 
Antarctic, filamentous fungi and algae are preferred food sources. Work on this species has 
been developed by Brrx (1981) who has analysed the development of this species in rela- 
tion to temperature and feeding. The simple community of which it is a member will be 
discussed below. 

One of the most important developments of the last decade in predator-prey studies is 
the technique of Mcrray & Sotomon (1978), who applied electrophoretic methods to the 
identification of food in a predator’s gut. The method is far more simple than the immu- 
nological methods. which frequently could not be used since sufficient potential prey to 
form anti-sera were impossible to obtain. Field trials using Murray & SoLomon’s technique 
have proved very promising (Lister. personal communication). 

Until this technique is really more widely used, much data on the effects of predatory 
mites is likely to be observational and qualitative. Kucnier (1965 b) surveyed the im- 
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1.5. Perturbation experiments 


The approaches to understanding community organisation considered by UsHER et al. 
979) were agglomerative (i.e. the component species were investigated individually. 
pairs, etc.. in the hope. which has never been fulfilled. that enough species could be added 
mimic an actual community) and divisive (which is, to a large extent. what the fore- 
bing review has been concerned with. i.e. take a community and look at the way it func- 
ons by analysing its diversity, spatial and vertical distribution. etc.. Parr (1980) con- 
ders a third ‘approach, which he calls the holistic. 

The holistic approach essentially consists of jolting the system. watching what happens. 
md then inferring from these observations the organisation of the community. The data 
Te qualitative. but the approach should provide useful hypotheses for more purely experi- 
ental work. 

Many perturbation experiments have been attempted. but few have had an aim of un- 
derstanding population and community dynamics. There is an extensive literature on the 
pplication of insecticides [summarised by Bexo (1965) and Epwarps & THompson (1973). 
md discussed in a series of papers ( ATKINSON & HERBERT 1979: Greaves 1979: EDWARDS 
EStarrorp 1979: Hance 1979; CHANCELLOR 1979; and Finney 1979) in a review of long- 
insecticide effects]. These ae have basn ee deen not at oy. thee 


puls, but rarely are dies concerned with the MENGISI EOS of the ar- 
eros. or with the effects on individual — An eg aa is the work of MALONE 


eaves of Eucalyptus cman (Mas ACAULEY 1979). 
Many other een a iapa have been tried. but again usually aimed * deter- 


979), pig manure ‘Gases & one X 1980). poultry manure (WEIL . KROoNTJE 1979), 
erbicides (Gorrscnatk & Sure 1979), fertilizers ( KIRCHNER 1977 used nitrogen; Hunts 
9 9 used lime), and leaf litter (Sranron 1979: Parr 1980), as well as the broad approaches 
E management (Curry & Tuony 1978). There is rapidly becoming a sufficient body of 
terature for hypotheses to be formulated, and for perturbation experiments to be designed 
test these hypotheses. Experiments, and the necessary statistical procedure for their 
malysis, will provide a fruitful field of research in the coming decade. 
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1.6. Simple communities 


The complexity of the majority of communities is so great that most ecologists reali 
that they will never gain a complete understanding of the community's organisation. Heng 
analyses via multivariate techniques have become relatively popular since some define 
percentage of the variation can be explained, leaving the remainder, which is assumed t 
be trivial, unaccounted for. BURGES (1958) considered that it was inappropriate to dj 
regard the uncommon species: he likened them to the oil in an engine which. compared wit} 
the engine. has very little “biomass” but was essential. Multivariate analysts have pro: 
bably fallen into this trap: they have considered the major causes of variation but ma 
have been too hasty in disregarding the minor causes, or the causes of variation for i 
dividual species. 

An alternative approach to multivariate statistics is to find a simple community. Thi 
is not easy with the soil arthropods, although in the Antarctic there are some relatively 
simple communities of only 6 to 8 species (GODDARD 1979a). The benefits of working with 
these simple communities have been outlined by Dunner (1977). although Fucus ( (1977) 
cautions that work should not be done in the Antarctic which could be achieved equally 
well elsewhere. Certainly no soil biologist has found arthropod communities as simple as 
the Antaretic ones occurring naturally elsewhere in the world: reference will be made later 
in this paper to several projects in the Antarctic. The number of species which are able 
to colonise new substrates are restricted. and hence relatively simple communities. though 
an order of magnitude more complex than the Antartic ones. are found early in successional 
sequences: these are also discussed later. There should, however, be a word of warning. In 
conservation theory. representativeness is held to be important (RATCLIFFE 1977: Mar- 
GULES & UsHer 1981). but simple communities are not really representative except of 
themselves. The question which has not vet been answered is: “To what extent can the re- 
sults of analysing simple communities be generalised to understanding complex commu- 
nities?” This vitally important issue will be side-stepped below. but it is to be hoped that 
within the next decade there will be some sort of an answer. 


4 


1.7. Directions for Research 


In discussing their review of soil arthropod population dynamics. UsneR et al. (1979) 
listed five areas where they felt that research should be directed. The main suggestion was 
to carry out simultaneously both divisive and agglomerative studies on a single community. 
In any complex community such an approach would take an excessive amount of time 
due to the large number of pairwise interactions that would have to be investigated. No 
study of this sort on temperate or tropical communities appears to have been initiated. 

Work is. however. in progress on the other four areas suggested for research: an investi- 
gation of a single community. studies on trophic structure, an analysis of a community not 
in a steady state. and in establishing perturbation experiments. Each of these areas of re- 
search will be reviewed in the following sections. 


2. Trophic relationships 


To be able to understand the functioning of the decomposer system, and the interactions 
between members of a soil community. the various pathways for nutrient and energy flow 
need to be identified and quantified. For the soil arthropods these flows are inevitably ex- 
pressed as the feeding relationships. 

Earlier authors have suggested that many soil mites. particularly the Cryptostigmata, 
and also the Collembola., were unspeclalised feeders, consuming leaf debris. fungal hyphae 
and spores and humic material (e.g. Hare 1967. WaLttwork 1967. Biépvarsson 1970, 
ANDERSON & HEaLey 1972). However. as more detailed studies are made of the feeding 
ecology of different species. evidence of specialisation has increased. AnpERson (1975) 
analysed the major food components of twelve Cryptostigmata species occurring in litter 
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Sin a deciduous woodland over a 20 month period. Although enormous variation was 
fd, which suggested non-specialisation. it could be interpreted as showing that the 
es switched to the dominant food available at the time, since feeding refuges were only 
ded during periods of limited food availability. 

Populations of Collembola frequently contain a high percentage of animals without gut 
Stents. JoossE & TESTERINK (1977) followed the proportion of a population of Orchesella 
with gut contents in the laboratory and in the field. and found that about 50 to 
A percent of animals were feeding at any one time. However. under difficult conditions 
ch as during winter and dry summer periods. the percentage of animals with empty 
ts rose. When favourable conditions returned the feeding activity increased again. A 


metion. Synchrony between the populations of various Collembola species in a pine mor 
mmus has also been shown by Usuer et al. (1979). This situation differs from the popula- 


ther. ~ 

q WHITTAKER (1974) showed that there is a negative relationship between mite density 
md fungal mycelial lengths in a number of tundra sites. while for two bog sites the Crypto- 
figmata density corresponded to measurements of hyphal lengths. However, no corre- 
ation was found between the number of Collembola and the mycelial length in the same 
findra sites. It is therefore obvious that observations on one group of soil arthropods should 
dot be turned into generalisations about the whole of the arthropod fauna. 

It is difficult to show any detailed relationships between arthropod populations and 
their food supply in field studies. A large number of fungal species may occur together in 
iny one habitat at any one time. and the species composition changes with time and phy- 
ical and chemical conditions (Swrrr 1976). It is unlikely that all fungal hyphae are equally 


empts to determine whether or not soil animals feed selectively on different fungal species. 
choice experiments have been performed on Collembola (MceMittan 1976. Visser & Wait- 
TAKER 1977. Appison & PaRkINSON 1978) and mites (HARTENSTEIN 1962. MigNocer 1971. 


shown by Mikis & SinHa (1971) for Collembola. and for mites by Siva (1966), SX HA & Mitts 
(1968), Sinna & Wuirnvey (1969). SHEREEF (1971). SAICHUAE et al. (1972) and MITCHELL 


grown in media like soil extract agar or an equivalent low nutrient status medium. There is 
Wery little information available relating to the effect of the chemical composition of a food 


(1973, 1975) it can be shown that there is a significant correlation between the feeding pre- 
erence of Gammarus pseudolimnaeus and the protein content of various species of aquatic 
tungi. Two fungi. Aspergillus and Tetracladium spp.. caused a high mortality amongst 
feeding animals and were also the least preferred. It is likely that factors other than the 
protein content were influencing this choice. so these two species were omitted from the cor- 
relation. which was recalculated. and found no longer to be significant (p 0.05). MITCHELL 
& Parkinson (1976) found no relationship between the feeding rates of some Cryptostigmata 
nd their reproductive success when fed on various fungal species, 

oj Growing a fungal species under different conditions can be used to vary the nutrient con- 
kent of its tissues. Boorn (1979) grew Coriolus versicolor and Hypholoma fasciculare under 
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four concentrations of nitrogen. and used Folsomia candida as a test animal in choice ex 
periments. Although there was considerable variation between the replicates. significan 
results were obtained between the different nitrogen levels. Since F. candida shows a ver 
strong tendency to aggregate, then the significance of the t-tests and the analysis of v 
riance could be spurious since the observations were not strictly independent. Considerable 
differences between the replicates as well as between different experiments suggested tha 
the animals were not responding to a choice situation, but ate available food when the 
encountered it. Alternatively. the test foods might not be sufficiently different for the ex- 
perimental method to detect any feeding preferences. McMitran (1976) conducted pre 
ference tests in a similar fashion, and using individually marked animals observed tha 
some animals were feeding on the same food sample for up to eight successive hourly ob- 
servations, although during the course of observations over a 60 hour period, the animals 
moved widely around the dish and apparently sampled a number of test foods. 

Sets of experiments were carried out by Boorn (1979) to examine the effects of food 
quality on the dynamics of a population of Folsomia candida. These were carried out under 
laboratory conditions in order to investigate the potential effects that food quality coul 
have on Collembola populations. Two species of basidiomycete fungi Cortolus versicolor 
and Hypholoma fasciculare were grown in liquid culture, and four levels of nitrogen concen- 
tration in the medium (2. 20. 200 and 2.000 ppm) were used. Nitrogen was added as aspar- 
agine. Individual F. candida were reared in dishes. since, first. the species is partheno-| 
genetic, and second, overcrowding in a culture reduces fecundity (GREEN 1964) and is likely 
to increase egg cannibalism. Since the fecundity of F. candida depends on age. all animals 
were raised from eggs which had hatched within 48 hours of each other. } 


'l 


1.0 


Moulting rate (exuviae/animal / week) 
C laying vale (eggs / animal / week) 


Starved 2 20 200 = 2000 Starved 2 20 200 MO 
Nitrogen (ppm) Nitrogen ( apm) 


Fig. 1. The effect of fungus food on the moulting rate and fecundity of Folsomia candida. The 
fungus was grown in culture media of 2. 20, 200 and 2,000 ppm of nitrogen. supplied in the form 
of asparagine. Triangles relate to ( ‘oriolus as food, diamonds to Hypholoma. 


The animals showed a different response to the two fungi and in general a higher per- 
formance by the animals was found when they were fed N. fasciculare rather than C. ver- 
sicolor. The moulting rates for animals over the first ten weeks of life differ depending on 
the food supplied (see Fig. 1a). As the nitrogen concentration in which C. versicolor was 
cultured increased from 2 to 200 ppm the moulting rate of the animals also increased. 
However when H. fasciculare was used as food, no significant change in moulting rate was 


Jas the nitrogen concentration was varied. An interesting comparison can be made 
he starved groups which were still able to survive and grow. albeit slowly. Any nu- 
re they derived most have come from bacterial or fungal contaminants growing on the 
fer of Paris substrate. These contaminants would be “able to enter the culture dishes 
A they were opened each week for examination. Small growths of contaminating fungi 
e occasionally observed. and it is likely that they were grazed. 
The greatest response was shown with egg laying rates of F. candida (see Fig. Lb). Ovi- 
sition started during the fourth week of life for animals that were fed. but the first eggs 
Fe not laid by the starved animals until the 6th week. Increasing the nitrogen supply 
2 versicolor from 2 to 200 ppm resulted in a highly significant increase in fecundity of 
e animals, and egg laying rates for animals fed H. fusciculare were significantly higher 
an those fed C. versicolor under the same nitrogen concentrations. W hen the highest 
trogen concentration of 2.000 ppm was used for culturing either fungus, the egg laying 
fes were greatly reduced. This n en may * the meses of . products 


‘These data show that differences in food quality could have a considerable effect on the 
ulation copia of Collembola. There are differences in the nutrient content of natu- 
Ñ substrates. e.g. types of leaf litter. sizes of pieces of decaying wood. and ages of litter 
d wood. Fungal fruiting bodies are 8 sources of high quality food. although for 


ges from 2.4 to 16.3% for C. versicolor, and from 2.3 to 22.6% for H. fascieulare. Pro- 
contents of 8 in the soil and En litter would be expert ted to be similar to thie 


3. The structure of successional communities 


Very few studies have been made concerning how communities of animals change through 
ime. Parr (1980) has recently completed a study on a site in the Yorkshire Wolds at which 


ween sites at different stages of succession. Using principal co-ordinate analysis, he showed 
that each site may be characterised by a different set of species. and thus that different 
Bpecies of soil arthropod may be defined as being either “early” or “late” successional 
pecies. Some of the species in each category are listed by Parr (1978). He further showed 
that sites of different successional stages have different characteristics with respect to 
easonal changes i in the mean density of soil arthropods, diversity, equitability, total num- 
ber of species present, and mean number of species per sample. 

a His data clearly show that. in spite of seasonal trends, the two communities remain 
listinet throughout the vear. 
© Aiter characterisation of the “late” and “early” successional communities, the cause 
DË such changes through time should be investigated. The observed differences between 
Hifferent aged communities could be a response to vegetational changes, though a direct 
{lationship between communities of plants and soil arthropods is unlikely (cf. CURRY 
978). A second hypothesis, based upon CONNELL & SLATYER’s (1977) ‘facilitation” model, 
S that the soil arthropods themselves may alter the environment so as to cause changes 
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in the composition of communities. Even if different species were found to affect the en 
vironment in qualitatively different ways, it seems unlikely that this could be a stro 
enough mechanism to be totally responsible for the observed changes in the soil arthropo 
communities. 

A more plausible mechanism whereby communities vary through time is based upon 
the theory of r' and “K”-selection. Species occurring early in the successional sequen 
may be those which disperse rapidly and have a high rate of reproduction and thus a 
able to colonise new sites very rapidly. Later species. though slower at invading. may b 
better competitors and thus out-compete and eventually replace the earlier colonizers 
This hypothesis would predict that the species characteristic of the early successional stage 
should be relatively “r°-selected. and those occurring later would be expected to be ri 
latively * K'-selected. 

Preliminary results indicate that a species of Collembola which here is characteristic of 
the early stage of succession. Jsotoma viridis. is more fecund than Onychiurus ambulans, 
which is associated with the later successional stage. However. juvenile mortality is far 
higher in J. viridis than in O. ambulans: only 16% of J. viridis hatchlings survive to two. 
weeks compared with 75% for O. ambulans under the same conditions. In mixed cultures, 
O. ambulans appears to survive better than J. viridis, indicating that the ate“ successional 
species has a competitive advantage over the earlier colonisers (Fig. 2). Obviously, the 
results from only two species are insufficient to generalise about the mechanism of succes- 
sional change in soil arthropods. | 
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Fig. 2. The result of replicated experiments of competition between Onychiurus ambulans and 
Isotoma viridis. In nearly all experiments J. viridis became extinct, irrespective of the initial pro- 
portions of the two species. 


An alternative hypothesis which needs to be considered is based upon the existence of 
an indirect relationship between plant and soil arthropod communities. Variation in the 
vegetation through time may canse changes in the soil environment which in turn determine 
the composition of the soil arthropod communities. 

Parr (1978) showed that the drop in density during the summer is less severe in “late” 
than in “early” successional communities: the ate“ community showed greater seasonal 
stability. Parr proposed that this is due to the effects of a denser vegetation cover. Sub- 
sequently, Sparkes (unpublished) obtained field data which shows that seasonal and daily 
variations in temperature are less extreme in soil with a relatively thick vegetation cover 
than in soil with less cover (Table 1). Early successional species are subject to greater en- 
vironmental variation than later successional species. However, even if a correlation be- 
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PA summary of temperature (°C) data at Wharram Quarry Nature Reserve 


= Temperature measurements Successional stage 
Early Late 
$ Mean temperature 7.8 7.3 
$ Mean daily range 5.4 2.6 
t; of temperature 
Seasonal range in mean 18.0 16.2 


daily temperature 


The data were collected on eleven occasions, approximately evenly spaced, between October 
nd August 1980: on each occasion hourly records were made for a 24-hour period. On each 
Sion a mean was calculated from the 24 records, and the daily range was the difference between 


The study of succession in soil arthropod communities is still in its preliminary stages, 
Ì more detailed research will be required in order to elucidate the mechanism whereby 


mmunities change through time. The evidence so far suggests that such biological attri- 
as rate of dispersal. fecundity and relative competitive ability are important. How- 

changes in the vegetation, due to its direet effects upon the soil environment, must 
© play a major role. Thus research which examines parallel successional changes in plants 
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lan the original has been used to infer that predatory mites have a considerable regu- 
@tory role: DDT affects the Mesostigmata to a greater extent than the Collembola, and 
redator populations remain at a low density often for several years following treatment 
ee, for example, the review by Epwarps & THompson 1973). Third, by comparison of 
eated and untreated areas, the stability of populations can be assessed: what sort of 
sonal cycles are there: does the perturbed community gradually come back to resemble 
he control community, or are there cycles: is the community globally stable in that both 
Mall and large perturbations return eventually to states similar to the untreated control, 
do they diverge? Perturbation experiments are not designed to answer such questions: 
y are essentially hypothesis-generating experiments, and the inferences drawn from ob- 
Ervations should be checked subsequently by experiments designed to test hypotheses. 

What are the statistical problems? These have been outlined by Parr (1980), who dis- 
s the problem of lack of complete randomisation. Generally, only a few plots can be 
ated, and several cores are taken from each plot. These are not independent estimates of 
effect of the perturbation, and hence split-plot designs in the analysis of variance, or 
è pooling of the data from the cores collected in one treated plot, offer the most practical 
Mution. There is also the problem of repeatedly sampling from the same plot so that a 
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time-series of observations. not strictly independent from one another. are available fo 
analysis. The whole area of the design and analysis of perturbation experiments needs te 
be investigated by statisticians who appreciate the difficulty of treating a large number 
of plots, i.e. that full randomisation is impossible in most situations. 4 

As an example of a perturbation experiment, six treatments have been used on a Poly 
trichum dominated community on the North York Moors. The treatments consist of three 
designed to depress the arthropod populations: DDT, which has a greater effect on the 
predatory arthropods, applied at a rate of 0.8 ml ARKOTINE DDT in water suspension 
per m?: ALDRIN. which has a greater effect on the non-predating arthropods. applied at à 
rate of 1.3 ml ALDREX 30 in water suspension per me: and Diazinon, which will affect 
all groups of arthropods, applied at a rate of 0.2 g BASUDIN 40 WP powder in water s 5 
pension per me. In the hope of increasing the arthropod population densities, two treatments 
consisted of fertilising the moss turf community: one for instant availability containing 
25 g glucose and 2.5 g asparagine disblved in water per m*: and the other for a more long 
term effect consisting of 100g “Growmore”™ fertilizer and 100 g agricultural lime. with 
the same volume of water as the other treatments, per m?. The sixth treatment was the 
control plot that received only water. The only results of this experiment. replicated in 
two blocks of the six treatments and established in the spring of 1980. are the samples 
taken immediately pre-treatment and a week post-treatment. Data for three species 0 
Collembola are shown in Table 2. The most obvious result is that the population density 
has decreased in all of the plots: a larger series of observations, which will eventually be 
available. will be needed to determine the community interactions. E 


Table 2. Preliminary results of a perturbation experiment on a Polytrichum dominated communi 
on the North York Moors 


Treatment Isotoma Onychiurus Sminthurides i 

sensibilis armatus s. latl. malmgreni A 

Pre- Post- Pre- Post- Pre- Post- 
Control 2.120 1.270 850 250 3.990 2.890 4 
DDT 1.020 340 1.270 340 170 0 A 
Aldrin 1.100 510 680 590 250 1.190 { 
Diazinon 1.190 0 1.780 420 590 0 4 
Glucose, 1.780 250 170 80 760 1.360 a 
Asparagine i 
Agricultural 2.040 420 850 420 1,020 250 4 
fertilizer | 


Note: The population densities are expressed as mean numbers of individuals per me: the means 
are based on 6 cores each of 5 em diameter. The treatments are discussed in the text. 


5. The simple ecosystems of the Antarctic 


The data used for analysis of a simple community were collected by D. G. GODDARD 
on the Signy Island Reference Sites during 1972 and 1973. His own analyses of the biology 
of the arthropod species, and the changes in their population densities. have been published 
(Gopparp 1979a. b). 

Since most multivariate analyses are based on the structure of variance-covariance 
matrices or correlation matrices, GODDARD'S monthly data can be used to calculate corre- 
lation coefficients for subsequent multivariate analyses. The data distinguish the various 
developmental stages of the mites (larva. nymphs. adult) and five size classes for the abun- 
dant Collembola. Cryptopygus antarcticus. If the numbers of each stage or class are corre: 
lated against each other, large correlation matrices can be calculated. The percentage of 
these correlation coefficients that are significant are shown in Fig. 3. The probability level 
for significance has been taken as P = 0. 05, and hence the diagram has to be interpreted 
in the light of the fact that about 5°, of correlation coefficients of fully random data would 
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. 3. The proportion of the correlation coefficients in large correlation matrices, of Geddard’s 
my Island data of Antarctic Acari and Collembola, that are significant (P = 0.05). The 5 percent 
Me is shown as a dotted line. and a 3-point running average is shown as a dashed line. 


eeed this criterion level (r = 0.404 since Gopparp’s samples were all of 24 cores). It 

m be seen in Fig. 3 that. during the Antarctic winter. the percentage of significant corre- 

tion coefficients barely exceeded 5%. whereas in the summer (December to March) a 
duch larger percentage of the coefficients were significant. It therefore seems inappropriate 
use multivariate analysis on winter data. but appropriate to use such methods on sum- 

data where there is likely to be some structure in the covariance or correlation matri- 


8. 
A principal co-ordinates analysis of the 48 sub-samples (24 cores. each divided into 
3 em and 3—6 cm layers) collected in March 1973 is shown in Fig. 4. The first principal 


ig. 4 is that the 48 sub-samples fall into four clusters. Less obviously. in all cases the 
3 em and the 3—6 em samples from the same core fall into the same cluster. Can these 
lusters be interpreted ecologically ? 
GODDARD recorded the presence or absence of mosses. lichens and bare ground at the 


able 3. Using the four clusters shown in Fig. 4, based on a principal co-ordinates analysis of soil 
Zthropod data, the table shows the presence or absence of various plants 


Species Cluster 
A B 0 D 
Polytrichum alpestre 1 1 01 0/1 
Chorisodontium aciphyllim 0 0 1 1 
Lichens 0 1 1 0 
A Bare ground or dead moss 0 0/1 0 O/1 


be: In this table “1” indicates that the plant was recorded on all cores in the cluster, 0“ that 
S recorded on none of the cores, and “9/1” that it was recorded on some cores but not on othersi 
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Fig. 4. The second and third axes of a principal co-ordinate analysis of the Acarine and Collembol 

data collected by Gopparp in March 1973. The analysis is described in the text. and the four cluste: 
are referred to in Tables 5 and 4. Filled symbols indicate the 0—3 em sub-sample of a core, ope 
symbols the 3—6 em sub-sample. 


l 


| 


be extremely closely correlated with the arthropod groups. Polytrichum alpestre was the 
dominant moss species. and was absent from very few of the cores. However. the moss 
Chorisodontium aciphyllum and the lichens (species not recorded) provide a key to the iden- 
tification of the cluster. Bare ground or dead moss was extremely scarce, and hence it is, 
generally absent in Table 3. i 

If the plant species are indicative of the clusters formed on analysis of the soil micro 
arthropod data, are the soil micro-arthropod communities distinct? The data in Table 4 
indicate that there are no clear-cut changes in the species of mites and Collembola present, 
but rather that the clusters in Fig. 4 reflect the relative abundances of the various species. 
The difficulty of interpreting the arthropod data can be seen when one looks at the range 


Tete cent 


Table 4. The mean number of the seven species of mites and Collembola occurring in the total“ 
cores (the two sub-samples added together) within each of the four clusters shown in Fig. 4 
— ——6— . —ʒÜẽ— — —ü— —d — —— ñ—0ʃ5j —ä4ä2 — —ů 


si 
7 


Species Cluster j 
A B C D | 
é——: es H 
Nanorchestes antarcticus STRANDTMANN 1.5 0.5 1.0 1.8 
Ereynetes macquariensis HFA 3.0 1.0 28 2.0 a 
Eupodes minutus STRANDTMANN 1.3 2 4.0 4.7 ] 
Tydeus tilbrooki STRANDTMANN 0 0 0 0.8 
' Gamasellus racovitzai (TROUESSART) 4.7 0.5 1.6 0.8 3 
Friesea sp. 0 0.3 0.2 0.5 i 
Cryptopygus antarcticus (WiLLEM) } 
mean 78.7 28.3 65.6 40.9 
range 00—394 3—73 (0-208 2-191 
Note: For C. antarcticus the range of numbers in the series of cores in a cluster is also shown. These 


means sum over the developmental stages of mites and the size classes of the Collembola. 
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isters, identified by the plants in Table 3, are indicated by the same symbols as in Fig. 4. 


values for the most abundant species. Cryptopygqus antarcticus. It would therefore appear 
„ in this simple community with only seven arthropod species, the plants have a con- 
ferable effect on determining the abundance of the arthropod species. 
A further question relates to the generality of such a result. The analyses of the data 
llected by Gopparp in January and February 1973 are shown in Fig. 5. The January 
ta are similar to those of March in that four clusters are again apparent. However. one 
re is problematical in that the lower section (3—6 em) occurs in the current cluster whilst 
pa N em section is misclassified. tes February data contained only two cores in 


er ers are cit These have a ae E spread, cine towards the top of the diagram 
Fig. 5 coming from the 3—6 em layer, those towards the bottom from the 0—3 em laver. 
The generality of 1 rania needs to be tested with more detailed Recording of ie 


Kity — 5 of soil prthsopads: rather than ‘to present new data. It — is appro- 
tate to conclude with a discussion of the methods of research, highlighting those which 
Clikely to yield no sy ea, ane also highlighting what i is needed i in the next few years. 


contribute nothing to an neehi of population and community dynamics. First. 


Anistie surveys just list the species. and although these have value in showing what might 
expected, they are Lak ere aed ang do not lead to an — — of population 


a if these people can become dla on C ad Diptera and Hymenop- 
why not on Collembola and Acari? Second. there has been considerable work on the 
tinent of Europe on the sociology of arthropods. Again this provides useful information 
Which species are likely to oceur together. and on which habitats. but it provides no 
for the quantitative analysis of populations and communities. 

ird, a lot of the literature only groups organisms into supra-specific taxa. Whilst this 
atisfactory for large-scale work. it means that the results cannot be interpreted at the 
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population level. If a result states that. sax, the number of Collembola increased, then 
this leaves doubt as to whether all of the species increased their numbers. some of the spe 
cies increase. or even that some species decreased whilst others increased greatly. Clear 
the relatively poor state of taxonomy. particularly of the Acari. means that work at the 
specific level is extremely time consuming. However, this time needs to be invested if th 
populations are to be quantitatively analysed. 1 

Finally. too much reliance has been placed on correlation coefficients. The illustration 
in Fig. 3 shows that. often in soil biology, significant correlations are an artefact of the leve 
of significance that is chosen. One time in twenty random data will look as if there is q 
relation if P = 0.05 is used. Correlations do not show cause and effect properties or relations 
and should always be checked by detailed experimental work. q 

More positively. it seems that there are three areas where further research could pros 
fitably be directed. 

First. research can be directed at the individual organisms within the communities. There 
are a lot of unknown aspects about the ecological physiology of the individual. and about 
the general natural history and life-history strategies. This is really fundamental work. but 
the data exist for only a very few species of Acari and Collembola. 

Second. research can be directed at the populations within the communities. The ability 
of populations to increase needs to be understood so that the effects of the controlling 
mechanisms can be quantified. Just how heavily can a predator exploit its prey popula 
tion? Once the ability to increase. and its relation to environment. are understood. then 
the roles of each of the controlling mechanisms can be sorted out. 3 

Third. research can be directed at the community itself. The two key aspects of commun? 


It is clear from this review that relatively little is vet known about either of these aspects} 
but that the soil micro-arthropods. present in soil and humus throughout the whole year, 
provide excellent experimental material for such research. 
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Synopsis: Subject review article 


Usner, M. B., R. G. Boorn and K. E. Sparkes, 1982. A review of progress in understanding the 
organization of communities of soil arthropods. Pedobiologia 23. 126—144. p 


The paper reviews developments in studies of population and community ecology of soil micro- 
-arthropods (with special reference to Collembola and Acari). The majority of research continueg 
to be descriptive, based on sampling the arthropods in various habitats. However, experimen al 
studies are becoming commoner. and these are vielding information on ecological niches, the inte 
actions between species, and the recovery of communities following a perturbation. 4 

The paper concentrates on four areas of community analysis. First, the effect of quality of food 
on the dynamics of Folsomia candida populations is considered. The protein content of fungal food 
affects both fecundity and the speed of dev elopment of individual animals, and there were also 
differences between growth on different species of fungus. Second, the changes in micro-arthropod 
communities during a successional sequence have been described. It is postulated that early sues 
cessional species are more typically “r”-selected, and late successional species are “IC selected 
Third, the role of perturbation experiments in understanding community structure is discussed: uns 
fortunately much of the literature on the use of insecticides and acaricides does not identify the 
miecro-arthropods affected to species level. often leaving them as major taxonomic groups (i.e. total 
Collembola). Fourth, the simple community of micro-arthropods on Signy Island is analysed: ve y. 
clear groupings depending on the moss and lichen cover are demonstrated. E 

The paper is concluded with a discussion which highlights some areas where no more information 
is required, and other areas where research effort could profitably yield results of importance i 
population and community analysis. 


Key words: Collembola, mites, soil, community, population, dynamics. 
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